& According to the first concept, alkyl VO 2+ -P were already incorporate into the proto/young kerogen whereas, according to the second concept, the kerogen VO 2+ -P are associated with macromolecular structures which were highly resistant to degradation.
Kerogen should be indigenous to the original sediment, because kerogen is insoluble organic matter. Therefore, the identification of VO 2+ -P in the kerogen framework provided evidence that VO 2+ -P, were also indigenous to the sediments.
Premovi} et al. ' suggested that a significant amount of alkyl VO 2+ -P that was not incorporated into the proto/young kerogen during the earlier stages of diagenesis, could be incorporated into secondary kerogen (asphaltene-derived kerogen) in deeper sedimentary strata either before or during the petroleum generation stage: catagenesis.
According to these authors, the geochemical process responsible for such an incorporation is anaerobic kerogenization of asphaltenes under mild thermal conditions (<200 ºC). In addition, Premovi} et al. 9 ,10 demonstrated that kerogen-like-material could be produced at lower temperatures (≤ 100 ºC) by the oxygenic kerogenization of asphaltenes. In accordance with this concept, the asphaltenes (already enriched in alkyl VO 2+ P) could be converted into kerogen (also rich in VO 2+ P) during geological heating at temperatures ≤ 100 ºC in the presence of air.
Therefore, in considering processes of kerogen formation, one must account for the presence, and nature of the chemical components, which, while not recognizably present in quantity in proto/young kerogens, are important parts of ancient kerogen.
Thus, while VO 2+ -P are not commonly found in quantity in proto/young kerogen, these species, in view of their abundance in some ancient sedimentary organic matter (such as the Se material), may be very important in the late stages of kerogen maturation. 
EXPERIMENTAL Samples
The Triassic Se marl sample used was from the outcrop site. The bitumen fraction of this rock is characterized by a high concentration of VO 2+ -P (mostly of the DPEP-type, i.e., DPEP/ETIO porphyrin ratio >100).
#
The samples selected for the present study ensured a large range of geochemical composition of the coals to be examined. Algal coals (torbanite/tasmanite), lignite (Kostolac/Kolubara/Kosovo), subbituminous (brown) coal (Soko) and the Vr{ka^uka anthracite were selected for the heating experiments. In addition, a kerogen concentrate of the lacustrine shale from the Aleksinac Formation was also included. The eight coal samples used in this work are described briefly in Table I .
Separation and extraction
The whole rock/coal sample were crushed/powdered and the minor carbonates/silicates were removed with HCl/HF, and the pyrite decomposed with LiAlH".
The residues were dissolved by refluxing (Soxlet) for 48 h in benzene:methanol (6:1 v/v), centrifuged (2 h), the supernatants filtered (5 cm pore filter) and the solvent evaporated. The isolated coal residues were examined by X-ray diffraction.
Ultraviolet (UV)-visible (VIS) spectrophotometry
UV-VIS spectrum of the Se VO
2+
-DPEP concentrate was recoreded on a Zeiss Specord Model.
In general, the spectrum with maxima occuring at about 409 (Soret), 534 (β) and 573 nm (α) is typical of VO
2+ -DPEP. The concentrations of the extractable VO 2+
-P were calculated from the UV-VIS spectra, using both the α-peak (573 nm, ε = 2 × 
2+ -P concentrate
The Se bitumen fraction (remained after the above solvent evaporation) was refluxed (Soxhlet)
for 90 h in methanol to obtain the methanol soluble fraction (after solvent evaporation). This fraction was weighed and examined by ESR/UV-VIS spectrophotometry to determine its VO 2+ -P content.
The Se methanol fraction was applied in 3 × 2 mL of toluene:chloroform (3:1) to a column (1 cm i.d. × 30 cm) containing Merck Silica Gel 60 (10 g). The column was eluted at 1 mL min` with toluene, toluene:chloroform (1:1) and toluene:methanol (9:1). The fractions (1 to 2 mL) were evaporated in a stream of nitrogen to near dryness, before examination by ESR to determine the relative VO 2+ -P content, most of which was eluted in the toluene fraction. This fraction was further purified by preparative thin layer chromatography (TLC) using Merck precoated silica plates and toluene:chloroform (1:1) as the eluent. The VO 2+ -P compounds were recovered from the upper red porphyrin band 
RESULTS AND DISCUSSION
The ESR spectrum of the VO 2+ -P incorporated into the Se kerogen structure(s) is shown in Fig. 1a . The reaction of VO 2+ -DPEP and torbanite results in the almost complete incorporation of the porphyrin species into the torbanite structure(s) within 72 h at 200 ºC in the absence of air. The ESR spectrum of the VO 2+ -DPEP incorporated into the algal coal matrix is shown in Fig. 1b , which can be seen to be almost identical to the VO 2+ -P within the Se kerogen (Fig. 1a) . Unless the coal VO + -P are generated during the very early stages of diagenesis, we may tentatively propose that opportunities also existed for the incorporation of VO + -DPEP into the structures of these two coal materials during catagenesis. 
